Introduction
Watercore is well known as a physiological disorder appearing in apple fruit. The details of the chemical and physiological aspects of the apple watercore has already been reviewed by Faust et al. (1) . Japanese pears also suffer from a similar physiological disorder(3). This kind of disorder has been named the watercore in Japanese pear (2) . As in the case of the apple watercore, the watercore tissue 1 Recieved for publication April 9, 1983 This report is contribution A-158, Fruit
Research Station.
Tree 250 in the Japanese pear fruit contains more sorbitol and is sweeter than non-watercore tissue. However, in the case of the Japanese pear, the cellular degradation of watercore tissue has already begun at the light stage of the disorder, as shown by the following results (4, 5) .
1: the decrease of alcohol insoluble-solids and pectin contents, 2: the reduction of respiratory activity, 3: the reduction in DNA content, and 4: the rise in endocellulase (neutral form) activity in the fruit showing light watercore symptoms. Consequently, watercore fruit has the commercially undesirable features of the develop-ment of cavities and slight browning during storage, and so are less marketable.
We have already reported the relationship between the characteristics of the cell wall polysaccharide alteration and fruit softening or abnormality of flesh texture in the Japanese pear fruit (7, 8) . The fruit exhibits the typical breakdown of acid-soluble hemicellulose during normal ripening and the breakdown of cellulose with over-ripening. Acid-soluble hemicellulose in mealy fruit degraded more drastically than in normally ripening fruit, with a higher activity of polygalacturonase, while the reverse was true for the breakdown of cellulose, with a lower activity of endocellulase.
On the other hand, in "Ishinashi"-fruit, cellulose and other polysaccharides were less broken down than the normally ripening or mealy fruit. It appears that the difference in the cell wall degradation profile was induced by the slight alteration of cell wall degrading enzyme activity through fruit development and ripening and this difference leads to some abnormalities in the fruit flesh. In watercore fruit, also, the degradation of fruit flesh may depend upon the particular changes in some cell wall degrading enzyme activity, because the appearance of a watercore seems to be a inheritable feature (2) .
In the present paper, analysis of cell wall polysaccharides and their degrading enzyme activities clarify how the characteristics of cellular breakdown in watercore tissue differ from those of cell wall alteration during ordinary ripening or in other processes, such as mealy breakdown or "Ishinashi".
Materials and Methods

Materials
The Japanese pear, "93-3", the most susceptible to watercore, was used. The fruit containing watercore tissue of grade 1-2, 3-4 and 5-6 were collected from those harvested on July 30, August 1 and August 4, respectively, 1982, and was cut perpendicularly into halves. The degree of watercore observed on the cut surface was divided into 6 stages, which became more severe in order from 1 to 6, as described in a previous paper ORED JAPANESE PEAR FRUIT 251 (4) . Both the affected area (watercore tissue) and the neighboring one (normal tissue) were used in each experiment. Enzyme preparation and assay The methods for enzyme preparation and their assays were described in previous paper (6) .
Cell wall preparation and fractionation The details are given in a previous paper (7) Monosaccharide analysis by gas chromatography of alditol acetate and calculation of the amount of each polysaccharide
The details are given in a previous paper (7) Results Changes of some cell wall-degrading enzyme activities in watercore tissue Certain hemicellulases are thought to play an important role in the cellular breakdown occurring in watercore tissue of Japanese pear(l).
All hemicellulase activities increased in both watercore and healthy tissue with the progress of watercore (Table 1) . This indicated that in healthy and watercore tissues, the progress of watercore paralleled with that of ripening, because the rising of hemicellulase activities with ripening and over-ripening was reported previously (6) . Comparing the enzyme activity of watercore tissue with that of healthy tissue at each grade, the activity of xylanase and arabanase degrading the hemicellulose elements of xylane and arabane increased more in the watercore tissue than in the healthy tissue at grade 1-2. However, an increase in the activity of these twoo enzymes was not observed in the more severe grades of disorder (grade 3-4 and 5-6). j3-xylosidase activity, cleaving the xylose residues of hemicellulose elements, decreased in all grades of watercore tissue compared with healthy tissue, while j3-glucosidase and -galactosidase activity showed little difference between healthy and watercore tissue.
On the other hand, the activity of the neutral form of endo-cellulase in watercore tissue increased at grade 1-2 in spite of reduced activity at grade 3-4 and 5-6, while the activity of the acid form of endocellulase and exocellulase decreased at all grades. Polygalacturonase activity in watercore tissue also increased as the disorder became more severe. The same results for cellulase and polygalacturonase activity were reported in the previous paper (5) .
Changes in cell wall polysaccharide in watercore tissues
Cell wall polysaccharides and their monosaccharide constituents were analyzed to clarify when and how the cell wall polysaccharide in the tissue suffering from watercore was broken down. The cell wall polysaccharides of healthy and watercore tissues in the three grades are shown in Table 2 , 3 and 4. In healthy tissue of fruit with grades 3-4, the cell wall polysaccharide consisted of cellulose (35%), acid-soluble hemicellulose (25%), alkali-soluble hemicellulose (20%), water-soluble polysaccharide (15%) and others.
The monosaccharide was composed of glucose (43%), uronate (26%), xylose (14%), arabinose (12%), galactose (4%), rhamnose (1%), f ucose (0.7%) and mannose (0.4%) ( Table 3 ). The previous work found that arabinose and uronate were major constituents of acid-soluble hemicellulose, and galactose, xylose and glucose were also present (8) .
Moreover, almost all of the rhamnose and f ucose were distributed in this hemicellulose, although their amounts were very low. The results of this study and the previous work indicate that the main polysaccharide of acid-soluble hem icellulose seemed to be composed of araban, arabinogalacturonan and polygalacturonan. Alkalisoluble hemicellulose seemed to be constructed of xylan, xyloglucan and non-cellulotic glucan, as the main monosaccharides were xylose and glucose.
The breakdown of cellulose and acidsoluble hemicellulose components in both healthy and watercore tissues became prominent with the progress of watercore and ripening, while alkali-soluble hemicellulose was less broken down (Table 1, 2 and 3) . When the polysaccharide components of watercore tissue were compared with those of healthy tissue, the cellulose components in the former had already begun to decrease at the light watercore stage (grade 1-2). However, the other polysaccharide components had not changed at this early stage (Table 2) . At the stage when the fruit had completely ripened and had a comparative heavy watercore, the amounts of alcohol-insoluble solids (AIS) and total polysaccharide components in watercore tissue apparently decreased, compared with those of healthy tissue (Table 3) .
Moreover, the amount of cellulose started to decrease at grade 1-2, and became about 95% of the cellulose in healthy tissue.
Acid-soluble hemicellulose also tended to decrease by the reduction of mainly uronate and galactose. With over-ripening, many fruit showed severe watercore symptoms (grade [5] [6] , that is, the diseased part of some fruit flesh changed to a pithy consistency. At this stage, (Table 4) . AIS, acid-soluble hemicellulose and total polysaccharides in watercore tissue also continued to decrease more than those in healthy tissue.
However, there was no difference between the amounts of alkalisoluble hemicellulose in both types of tissues during all stages.
Discussion
The cellular degradation of watercore tissue of Japanese pear had already started before sorbitol accumulation, as indicated by the reduction of the respiratory rate and the decrease of alcohol insoluble solids in this tissue (4) . Thus, even in fruit suffering from light symptoms of watercore, the fruit flesh deteriorates, becoming brown and finally pithy or developing cavities during storage.
These results concerning the alteration of cell wall polysaccharides and their degrading enzyme activities suggest the operation of the following mechanism of cellular degradation in watercore tissue. At the light stage of watercore, cellulose was first shorten by activated neutral endocellulase.
As a result exocellulase reacted easiy with cellulose without an accompanying rise in activity. So, cellulose continued to be broken down gradually in greater amounts than in healthy tissue, even when the activity did not increase at the medium and the heavy stages of watercore. Arabinan, arabinogalacturonan or xylan belonging to acid-soluble hemicellulose was also broken down partially by the rise of arabanase or xylanase activity at the light stage of disorder. Moreover, the increment of polygalacturonase and j3-galactosidase activities at the medium and heavy stages of the disorder stimulated the degradation of acid-soluble hemicellulose and water-soluble polysaccharide more than in healthy tissue. Thus, the cellular breakdown of watercore tissue seemed to be initiated by the partial degradation of cell wall polysaccharides, mainly caused by the breakdown of the cellulose components. This drastic brakdown of cellulose, with only a slight break-I. KAJIURA down of acid-soluble hemicellulose, differed from the typical cell wall degradation pattern observed in mealy and "Ishinashi"-fruit, and rather resembled that occurring in over-ripe fruit.
Thus, the watercore seems to arise from the fact that some part of the fleshy tissue ripens faster than other parts.
